The collapse of single laser-induced cavitation bubbles in water is investigated experimentally with a focus on thermal effects. In particular, the influence of liquid temperature on the bubble dynamics and its variation near to the phase boundary due to heat conduction and evaporation/condensation are investigated.
The ambient temperature of the liquid has a strong influence on the bubble dynamics because the vapor pressure of water increases significantly with temperature. At elevated temperatures the bubble contains mainly vapor, the amount of non-condensable gas being negligible. This leads to an increase of maximum and minimum radii compared to the case of the liquid being at room temperature. The bubble collapses less violently and the emitted shock waves are weaker.
For bubbles collapsing asymmetrically in the vicinity of a solid wall, the reduced collapse strength also has a bearing on the development and the characteristics of the liquid jet generated. Measurements of the asymmetric bubble collapse at different liquid temperatures and standoff distances are presented to highlight the associated changes.
When a laser-generated bubble expands and then collapses, the bubble medium cools down and heats up again, possibly reaching high temperatures as indicated by the phenomenon of bubble luminescence. The temperature imbalance leads to heat flow across the phase boundary and corresponding temperature changes of the liquid in a boundary layer close to the bubble.
Fig. 1 Experimental setup
The temperature dependence of a fluorescent dye (rhodamine B) is used to obtain measurements of liquid temperature close to the bubble by laser induced fluorescence. Figure 1 shows the experimental setup. A double pulse PIV laser system is used for both the bubble generation (first pulse) and subsequent excitation of the dye (second pulse). The bubble is produced by focussing the first laser pulse into a cuvette filled with water and containing the dissolved dye. The second pulse is directed to an optics which forms a light sheet to excite the dye. The thin light sheet is aligned to pass through the center of the bubble and is oriented perpendicularly to the direction of observation. The fluorescent light is collected by a lens and captured by a sensitive CCD camera. The laser wavelength (532 nm) is blocked by a filter mounted on the camera lens.
By choosing a suitable delay between the laser pulses, the time of interrogation of the temperature profile can be set precisely relative to the instant of bubble generation. The temporal evolution of the liquid temperature in the boundary layer is investigated with regard to its correlation to the bubble dynamics. Selected examples of the resulting temperature profiles are presented. The collapse of single laser-induced cavitation bubbles in water is investigated experimentally with a focus on thermal effects. In particular, the influence of liquid temperature on the bubble dynamics and its variation near to the phase boundary due to heat conduction and evaporation/condensation are investigated.
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